A L ist of th e P resents received was laid on the table, and thanks ordered for them .
In pursuance of the Statutes, notice of the ensuing A nniversary M eeting was given from the Chair.
S ir Jam es Cockle, Mr. E. Galton, and Mr. Stainton were by ballot elected A uditors of the T reasurer's accounts on the p a rt of th e Society.
The following Papers were read :-I. " The Thermal Emissivity of Thin Wires in Air." By W. E.
A y r t o n , F.R.S., and H. K i l g o u r . Received July 2, 1891.
(A bstract.)
In 1884 it was observed experim entally th a t whereas th e electric current required to m aintain a thick w ire of given m aterial, under given conditions, a t a given tem perature was approxim ately pro portional to the diam eter of the w ire raised to th e power three halves, th e cu rren t was more nearly proportional to the first power of the diam eter if th e w ire were thin. W hen th is difference in the behaviour of a th ick and th in w ire was first noticed it was regarded as being quite unexpected. But, as pointed out by one of us in the coarse of a discussion at a m eeting of the Royal Society, the unexpected charac te r of th e result was due to people having assum ed th a t th e loss of heat from radiation and convection per square centim etre of surface per 1° excess tem perature was a constant, and independent of the size and shape of the cooling body.
The very valuable in vestigations th a t have been made on em issivity by Mr. M acfarlane, Professor Tait, Mr. Crookes, Mr. J. T. Bottomley, and by Mr. Schleierm acher had for their object the determ ination of th e variation of th e em issivity w ith changes of th e surface and w ith change in the density of the gas surrounding the cooling body, but it was not p art of these investigations to determ ine the change in the 1891.]
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emissivity th a t is produced by change in th e shape and size of the cooling body. Indeed, so little has been th e atten tio n devoted to th e very large change th a t can be brought about in th e value of th e emissivity by sim ply changing th e dim ensions of the cooling body, th at in Professor E v e re tt's very valuable book of U nits and Physical Constants the absolute results obtained by Mr. M acfarlane are given as the " results of experim ents on th e loss of h eat from blackened and polished copper in air at atm ospheric pressure," and no reference is made either to th e shape or to the size of th e cooling body.
[November 19, 1891.-Since this pap er was sent in to th e Royal Society, a new edition of this book has appeared, and, in consequence of a suggestion made to Professor E verett, the word " balls " has been added after the w ord " copper " in th is new edition, as well as th e following p a ra g ra p h :-" Ivfluence o f Size. " According to P rofessor A yrton, who quotes a table in * Box on H eat,' the coefficient of emission increases as the size of the em itting body diminishes, and for a blackened sphere of radius r cm. m ay be stated as The laws w hich govern the loss of heat from th in cylindrical con ductors have not only considerable scientific in terest in showing how the shape of a body affects the convection currents, b u t th ey are of especial im portance to the electrical engineer in connexion w ith glow lamps, hot-w ire voltm eters, fuses, &c. W e, therefore, th o u g h t it desirable to ascertain the way in w hich the law of cooling for thick wires, which involved the diam eter raised to the pow er three halves, passed into the law for the cooling of th in wdres, involving only th e first power of th e diam eter. Eor this object, the investigation described in the paper was commenced a t the beginning of 1888, and the emissivity was m easured of nine platinum wires, having the diam eters of 1 2 , 2'0, 2'9, 4'0, 6'0, 8 1 , 9 3 , l l ' l , and 14 mils, or thousandths of an inch.
Suspecting th a t some of the published results concerning the currents required to fuse wires had been much influenced by the cooling action of the blocks to which the ends of the wires were attached, we started by m aking a calculation of the length necessary to give to our wires, so that the loss of heat by conduction should not introduce any im portant error into the determ ination of the emissivity. To do this it was necessary to calculate the distribution of tem perature along a n 2 wire th ro u g h which, a steady cu rren t was flowing and from w hich heat was lost by radiation, convection, and conduction, and it was fu rth er necessary to im prove on the calculation one of us had published on this subject in the ' E lectrician ' for 1879, by tak in g into account the fact th a t the em issivity, as well as the therm al and electric conducting power, of the wire differed at different points in consequence of the difference of tem perature.
U ntil we had com pleted the experim ents described in this paper we could, of course, only employ in th is calculation values th a t we had guessed at as being som ething near the tru th for the emissivity of platinum wire for different diam eters and at different tem peratures. Hence, after the com pletion of the experim ents, we took up the m athem atical investigation again, su b stitu tin g for th e em issivity such a function of th e diam eter of the wire and the tem perature of the point as we had experim entally found it to be. Section IV of the p a p tr contains th e investigation by which we finally arrived a t th e calculated distribution of tem perature along the wire, and we have to express our sincere thanks to Professor H enrici (whom we consulted as to the best m ethod of practically solving the ra th e r complex differential equation arrived a t) for the w arm interest th a t he has tak en in th e m athem atical treatm en t of the subject, and for the m any suggestions which he has made, and which have enabled us to arrive at the m athem atical solution given in the paper.
Each w ire to be tested was stretched along th e axis of a w ater jacketed cylinder 32'5 cm. long, the inner surface of which was blackened and k ep t a t a constant tem perature by a stream of w ater flowing th rough the jacket. The rate at which heat was lost by any one of the wires was m easured by the product of the current passing th ro u g h it into the P.D . (potential difference) m aintained between its ends, while th e ratio of th e P.D . to th e cu rren t gave the resistance of th e wire and, therefore, its tem perature. E xperim ents were in this w ay made w ith various currents flowing th rough each of the nine wires.
As th e variation of resistance w ith tem perature is known to vary w ith different specimens of platinum , experim ents were separately m ade to determ ine the actual law of variation of resistance w ith tem perature up to 300° C. for each piece of w ire th a t had been employed in th e em issivity experim ents.
In th is later determ ination various therm om eters were used, and the subsequent comparison of these therm om eters w ith a Kew standard therm om eter involved a vast am ount of labour, from the fact th a t it is, or at any rate was n o t possible three years ago, to purchase from th e Kew O bservatory a standard therm om eter reading from, say, 200° to 300° C., w ith a short, wide cham ber at the base in which the m ercury expanded below 200° C. All th a t could be obtained was a Prof. W. E. Ayrton and Mr. H. Kilgour, [Nov. 19,  1891.]
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long therm om eter which had been carefully tested betw een 0° and 100° C., and the rem ainder of whose tube had been simply calibrated for uniform ity of bore. The consequence was th a t wben we desired to compare one of our therm om eters reading, say, from 200° to 300c C., with the Kew standard, th e ir bulbs were very far ap a rt when b oth were immersed in the oil-bath, and w ith the tops of the m ercury columns ju st above th e surface of the oil. A short description is given in the paper of the devices employed to overcome th is difficulty and which enable an accurate com parison to be made between the thermometers. On exam ining th e curves accom panying the com plete paper which show the em issivity for each tem perature for each of the nine wires, we see t h a t :-1. F or any given tem perature the em issivity is the h ig h er the finer the wire.
2. For each wire the em issivity increases w ith the tem perature, and the rate of increase is the g reater the finer th e wire. F or the finest wire the rate of increase of em issivity w ith tem perature is very striking.
3. Hence the effect of surface on the total loss of h eat (by radiation and convection) per second per square centim etre per 1° C. excess tem perature increases as the tem perature rises.
On comparing th e loss of heat from the w ire of 1'2 mils diam eter when at 300° 0 . with th a t from the wire of 6 mils diam eter vrhen a t 15° C., both being in an enclosure at 10° C., we see th a t the form er loses per square centim etre of surface per second not 3 0 0 -1 0 k Q+. ---, or 58 times 15 -10 as much heat as the latter, as it would if the em issivity were ihv sam e; but, instead, 60 x 58 or 3480 times as much h e a t; arising from the fact th a t the emissivity, th a t is, the num ber of calories (gramme C.°) lost per second per square centim etre of surface per 1° 0 . excess tem perature of the 1'2-mil wire at 300° C., is 60 times as great as th a t of the 6-mil wire a t 15°, the latter varying very rapidly w ith the tem perature near 15° C. From the curves the following table (p. 170) has been draw n up, giving the emissivities of the various wires at eight useful tem pera tures.
W e find th at the emissivity of platinum wires of different diam eters at the same tem perature can be very fairly expressed by a constant plus a constant into the reciprocal of the diam eter of the wire. F or example, we find th at D iameter of wire in Emissivities.
Mils. The wire of 4 mils diam eter is om itted from th e table, as th e experiments showed th a t its specific resistance was much greater, its tem perature coefficient much smaller, and its emissivity m uch smaller th an if it had been of platinum . This piece of wire probably therefore contained iridiun; or silver. . The em issivities have been calculated in calories lost p er second per square centimetre p e r 1° C. excess tem perature, in order th a t th ey may be com pared w ith th e em issivities obtained by other experi m enters, b u t we prefer to speak of th e diam eters of th e w ires in mils. since a w ire of 1 m il is about th e finest th a t is draw n com m ercially. Hence th e statem ent th a t th e diam eters of w ires are 1, 2, or 3 m ils is more suggestive to an engineer th a n saying th a t th ey are 0-0254, 0-0508, or 0-0762 m illim etres.
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The statem ent, not unfrequently made, th a t th e cu rren t required to Tnai r d a i n a wire of a given m aterial a t a given tem perature above th a t of th e surrounding envelope is proportional to th e diam eter of the w ire raised to th e power three halves, is equivalent to sta tin g th a t th e em issivity is independent of th e diam eter. How from the three formulae (1), (2), (3), given above for e, w e m ay conclude-T h a t for a tem p eratu re of 100° C. th e value of d in th e formula e = 0-0010360-j-0-0120776^-1 m ust be som ething like 220 mils, or 5'6 mm ., in order th a t the neglect of th e second term m ay not m ake an erro r in e of more th a n 5 p er cent., and. som ething like 1 1 5 inch, or 29'3 mm., if th e erro r is not to exceed 1 p er c e n t.; T h at for a tem perature of 200° C. the value of d in th e form ula e = 0-0011113+0-0143028<T1 m ust be som ething like 244 mils, or 6'2 mm., in order th a t th e neglect of th e second term m ay not m ake an error in e of m ore th a n 5 p er cent., and something like 1*28 inches, or 32 5 mm. if th e error is not to exceed 1 p er c e n t.; A nd th a t for a tem perature of 300° C. the value of d in th e form ula e = 00011353+0-016084d"1 m ust be som ething like 267 mils, or 6"8 mm., in order th a t th e neglect of th e second term m ay not m ake an error in e of more th a n 5 per cent., and som ething like 1"39 inches, or 35'3 mm., if the error is not to exceed 1 per cent. Generally, then, we may conclude th a t to assume th a t th e em issivity is a constant for wires whose diam eters vary from a small value up to 1 inch is to make a large error in the case of the greater num ber of th e wires, and an erro r of hundreds per cent, in the case of some of them .
U sing the form ula (3) which we have arrived a t for determ ining th e em issivity of platinum wires of different diam eters a t 300° C., it follows th a t to m aintain a platinum wire 0 7 5 mil in diam eter at 300° C. would require a cu rren t density of 331,000 am peres per square inch, and, if the em issivity of a copper wire of the same diam eter and at th e same tem perature may be taken as being the same, it follows th a t to m aintain a copper wire 0 7 5 mil in diam eter a t 300° C. would require a cu rren t density of 790,000 am peres per square inch.
